Mining mineral resources has been found to be an ambiguous way of achieving sustainable development. It can spark the economic development of poor regions, but at the same time it is associated with severe sustainability issues, particularly in areas with governance deficits. Recent developments have spurred a vibrant debate on how to achieve the development opportunities while minimizing the sustainability impacts. As a result, voluntary multi-stakeholder initiatives (MSI) originated with differing foci, aims, and organizational designs. Such MSIs for responsible mining can be interpreted as a social innovation from two perspectives: (1) stakeholder groups cooperate to complement, concretize, initiate, and prepare, but also compete with other forms of governance and possibly replace them; (2) the MSIs support implementing responsible mining in practice. A structured review of 20 MSIs' documents along an analytical framework covering governance, change in practice, and diffusion shows that the two roles of MSIs can hardly be separated, as the change in practice is enabled via a change in governance. Moreover, the MSIs are found to be a valuable complement to traditional governance of responsible mining, as they transcend national borders, allow for the inclusion of informal miners into professionalization, and offer support to companies to enhance their sustainability performance. Nevertheless, the MSIs are voluntary and relatively young. This limits their power and requires further research for which six avenues are identified in this paper.
Introduction
Mining mineral resources has traditionally been a foundation for the creation of wealth and progress, but this has increasingly shifted away from mining. However, at the same time, mining operations are highly detrimental for the environment and associated with severe social impacts such as those upon the health and welfare of workers [1, 2] . To date, such impacts are addressed by means of governance and innovation approaches, that contributed each to substantially reducing the negative sustainability impact of mining and moved the sector to higher responsibility. Note that the term responsible mining is often preferred over sustainable mining. This is based on the formation of mineral resources over geological time scales such that human extraction by far exceeds natural formation. As a result, there is an exhaustion of the resources in the long or even short run limiting the resources' availability for future generations. Responsible consequently refers to mining practices that are performed in a sustainable manner while ignoring that a mineral deposit is exploited. Moreover, the scope of responsibility is understood in a broad sense, as defined by van den Brink et al. as "the management of social, environmental and/or economic sustainability" [3] (p. 392). Still, mining is industrial stakeholders. As a result, the aims and functions, the sustainability issues addressed, and the organizational designs of the initiatives differ considerably [1, 18] .
In effect, it can be contended that the authority-based approach mainly builds on technological innovation and strong nation-state governance. Instead, the MSI-based approach represents private governance that addresses the missing uptake of existing technologies and routines in the sector in particular, but not exclusively in situations where the first approach fails.
From a theoretical perspective, both can be seen as institutional innovations that establish new formal or informal rules [19] that may lead to changes in practice. However, MSIs combine the formulation of rules, i.e., the standards and conditions for certification, with the prescription of concrete guidelines for mining operations. In some cases, the MSIs also offer corrective actions and the development of operational practices [20] . MSIs thus focus on innovating the actual conduct and can be labelled as "social innovation" as they take a much more direct approach to driving change [21] that merits further investigation. The fact that stakeholders come together to develop their own governance in a negotiation process can also be considered a social innovation, which allows the sustainability issues in mining to be addressed in a different way (as will be shown below) compared to the authority-based approach.
Although MSI have long been in use in raw materials sectors [5, 22] , a focus on MSIs in the mining sector is considered relevant for several reasons: (i) the wide variety of sustainability topics addressed and sometimes also narrow scope such as on conflict minerals or cyanide use [1, 3] , (ii) the existence of different types of standards with differing stakeholder groups involved and differing goals [1, 5] , and (iii) the age structure of the MSIs in the mining sector, as all initiatives are rather young with strong dynamics and several initiatives even in development [18, 23] .
This study thus aims to contribute to answer the following research questions:
1.
To what extent do MSIs represent a social innovation from a governance perspective? 2.
How do voluntary MSIs for responsible mining complement the authority-based governance of sustainability in the mining sector?
Although the current body of literature provides a number of papers and reports on responsible mining and MSIs, this study moves beyond these. Its main contributions are, first, the conceptualization of MSIs from a social innovation perspective that opens up novel lines of interpretation. An analytical framework was developed that outlines how MSI-based and authority-based governance can interact and complement each other. Second, the analytical framework is applied to analyze a set of 20 MSIs for responsible mining from a social innovation perspective. Contributions of MSIs to social innovation are, thus, identified and used to enrich and concretize the analytical framework. Moreover, implications for the future development and application of MSIs to resolve social and societal challenges are described. Finally, the number of MSIs analyzed is 20 and thus larger than in previous studies which analyzed 19 [1] , 16 [5] , 15 [15] , 7 [24] and 4 [25] MSIs, respectively.
The literature on MSIs and of main sustainability standards in mining is reviewed in Section 2: based on this review, an analytical framework for understanding MSIs as social innovation is conceptualized and presented. This framework forms the basis for applying a content analysis of 20 existing MSIs for responsible mining. The detailed categorization of 19 responsible mining MSIs by Kickler and Franken [1] represents a further source of information. The materials and methods are presented in Section 3, before Section 4 outlines the findings that provide insights into the representation of the individual parts of the framework in the MSI for responsible mining. Finally, the discussion and conclusion in Section 5 presents the study's contributions and limitations before identifying a number of research directions.
Literature Review and Conceptualization
This section introduces the main literature relevant to the topic of social innovation and MSIs in general before it merges both to develop an analytical framework for MSIs as a social innovation. 
The Diversity of Voluntary Multi-Stakeholder Initiatives (MSIs) for Responsible Mining
MSIs for responsible mining aim to fulfill different purposes in strongly differing contexts leading to a high diversity. The literature provides overviews in a practitioner oriented or technical manner [1, 5, 25, 26] that outlines that the MSIs differ inter alia by their targeted raw materials, countries, firm sizes, and sustainability issues as well as in their origin or ownership, aspired stringency, coverage of the supply chain (SC), internal organization, and actors involved in their development and operation. These first three characteristics will be used in more detail for analyzing MSIs from the perspective of social innovation in Section 4, whereas the other attributes highlighting the diversity of MSIs will be presented below.
Ownership or involved organizations: the organizations involved in MSIs range from mining companies, SC actors and governmental organizations to civil society and non-governmental organizations (NGOs). Whereas in some MSIs only one or a few groups are present, more recent MSIs are organized as multi-stakeholder initiatives [27] .
Mineral focus: whereas certain MSIs such as the Initiative for Responsible Mining Assurance (IRMA) have no particular mineral focus, most do, which is related to their origin as an industry or stakeholder initiative aiming for improvement in a particular sustainability issue (focal issue). Minerals covered range from coal, aluminium and dimension stones as examples for mass raw materials to gold and diamonds produced in small amounts only. Some address several mineral raw materials if these share common characteristics, for example, the conflict minerals tantalum, tin, tungsten and gold (3TG) or cyanide use in gold and silver production.
Supply chain coverage: the SC of metals is typically divided at the smelters/refiners into an upstream and a downstream part since this position represents a bottleneck [5, 25] and afterwards tracing a mineral is in general infeasible [28] . Coverage may be limited to mining and beneficiation, the upstream part or just smelters/refiners (e.g., for conflict minerals) or the entire SC, partly including also recycling [1] . Different chain of custody systems [28] apply: segregation in case of more precious raw materials and in cases where price premiums are paid and mass balance or book and claim approaches for mass raw materials, cf. [1] for details.
Firm size: firm size determines the applicable mining practices and is thus relevant for an MSI. The majority of MSIs address large scale mining (LSM). Few MSIs are explicitly dedicated to artisanal and small-scale mining (ASM) [1] or size-independent. Explicitly for medium-sized companies, there are only specific standards for dimension stone and conflict minerals [1] .
Sustainability issues: MSIs differ here partly as a result of the minerals in scope. Whereas for conflict minerals information about the origin of a mineral raw material might be sufficient, most require the achievement of performance levels in a variety of sustainability sub-issues (cf. Table 1 with overarching categories and issues), others require the establishment of management systems or commitments or self-reporting [5, 26] . The performance levels that need to be achieved by the certified organizations are sometimes defined in a progressing manner, i.e., the requirements set by the MSIs are rather low for organizations entering but increase over time. This allows organizations to join and become certified that do not perform that well yet and would be discouraged by too ambitious requirements. Integrated in and supported by the MSI, these organizations have the possibility to develop and improve their mining practices and are motivated to do so. Otherwise they must fear being expelled. This is particularly important for ASM companies which often lack the knowledge and the resources to improve their mining practices on their own [29] . Regarding the life cycle of a mining project, exploration is rather seldom covered and mine closure related activities such as renaturation or recultivation and the build-up of necessary funds are also often lacking [1, 26] . Table 1 . Sustainability categories and issues in multi-stakeholder initiatives (MSIs) for mineral raw materials (after [1] ).
Category Issue
Human and workers' rights Institutional design: Like every organization, an MSI is characterized by an organizational structure such as a board of directors, members, possibly a plenum etc. and processes implemented both internally and externally. An example for an internal process is the standard setting and revising process, whereas audit processes are typically external [20] . Complaint mechanisms and whistle blowing are further important processes. Some MSIs offer supporting services such as capacity-building measures. The institutional design is highly relevant for transparency as a key aspect for an MSI to gain credibility which is also relevant for its success as a social innovation that is presented next.
Social Innovation
Social innovations are a developing topic that is scattered across a variety of disciplines and that focuses on the stimulation of actors to find and implement new ways for addressing societal challenges such as climate change, ageing, poverty, or environmental pollution [30] [31] [32] . Social innovation has particularly built foundations within the global struggle for sustainability. In effect, it revolves around the idea of complementing the traditionally more technology-focused concept of innovation with a non-technological, i.e., social, component that aims at changing the way we act as a society and how we make sense and make use of innovation at large [30, 31] . Contributing to this debate, the Organization for Economic Cooperation and Development (OECD) has launched a Social Innovation Forum in the year 2000 already within its LEED (Local Economic and Employment Development) programme. This forum defines that social innovation "deals with improving the welfare of individuals and community through employment, consumption or participation, its expressed purpose being therefore to provide solutions for individual and community problems" and, moreover, that a social innovation "can concern conceptual, process or product change, organizational change and changes in financing, and can deal with new relationships with stakeholders and territories" [33] . This study adopts this two-sided focus on stakeholder related organizational change on the one hand and the change in practice or impact on the other hand (see also [21] ). We argue that MSIs for responsible mining fit this definition as they represent an organizational change by integrating different stakeholder groups to develop their own governance system, as will be shown in the following section. Moreover, this governance system defines requirements and, in some cases, also provides guidance and tools with the aim to foster responsible mining in practice. This way, MSIs support the improvement of societal welfare, as shown in Section 2.2.2.
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Multi Stakeholder Initiatives as Social Innovation
Most MSIs are founded in reaction to conditions considered as unsatisfying or non-legitimate, i.e., undesirable, improper, or inappropriate [16] by certain actors. For example, the Forest Stewardship Council (FSC) MSI was founded in 1993 in reaction to deadlocks in intergovernmental negotiations in forestry policy at the United Nations Earth Summit of 1992 in Rio de Janeiro as a private organization to reach consensus among important stakeholders [20, 34] . This underlines FSC's character as a social innovation, as it enabled a new way of crafting a solution to a societal challenge. Moreover, this solution was non-technical but relied on the involvement of relevant actors. Legitimacy is reached on the one hand by the purposes aimed at (output legitimacy), the stakeholders involved as well as their reputation (input legitimacy), and the governance (procedural fairness) of the MSI (throughput legitimacy) [22] . For example, FSC reached high input legitimacy by integrating environmental protection organizations such as Worldwide Fund for Nature (WWF), Greenpeace and Friends of the Earth in the process [34] . This "coming together to do good" can be considered as a social innovation, as each group of stakeholder contributes a certain element to the success of the MSI, which is solving a pressing issue like deforestation, overfishing or non-responsible mining. These issues originate from one industry that is seeking economically optimal decisions or it originates from individuals trying to subsist by logging, mining or fishing. Moreover, we see that fish, wood, and minerals are globally traded commodities that easily pass national and industrial sector borders, which pushes traditional governance to the limits. Additionally, individual action directed at subsistence like artisanal gold mining leads to societal challenges such as soil and water contamination with mercury that threatens agriculture and fishing [13] , for example along the Amazon river [35] . In effect, solving these issues requires two main aspects.
The first is the involvement of key stakeholder groups: (a) at least those spending legitimacy, such as NGOs, (b) those implementing the defined standards (formal and informal organizations), and (c) possibly those building the bridge to clients that in the end have to finance the activities by paying a higher price or by discriminating against non-compliant products [20] . While participation in authority-based governance typically requires an ex ante formalization, informal actors may gain a voice in an MSI. Interesting examples in this regard are the Fairtrade standards that are established for 18 commodities from sectors like agriculture, mining, and textiles [36] . These are focusing explicitly on small producers in developing economies that are typically disadvantaged by the economic system established in their environment. For solving the challenges of the farmers and miners, Fairtrade is not only covering their operations, but also those of traders and buyers that exploit asymmetries of information as well as of supply and demand on local as well as global markets [29, 37] . Moreover, the MSI Aluminium Stewardship Initiative (ASI), which is focused on industrial mining, takes an explicit focus on the entire SC and life-cycle of aluminium. This is based on the acknowledgement that single organizations or single industries are not able to solve the sustainability challenges in the aluminium SC. This is due to the SC's complexity and the particularities of the involved industries and countries that need to be addressed in an integrated manner [38] .
The second aspect is that a well-thought-out design of the MSI is required that is typically composed of four main components [5, 20, 39, 40] : (i) the standard requirements describing the sustainability criteria that need to be fulfilled to be compliant with what the MSI considers necessary; (ii) the standard-setting process comprising the procedures of setting and revising the standards; (iii) the implementation often reduced to compliance checking, i.e., the audit scheme implemented, but also referring to all activities the MSI undertakes to put their standards into practice such as capacity building; and (iv) the governance comprising the operational and organizational structure of the MSIs, with decision making and whistleblower mechanisms playing important roles but excluding the standard setting process mentioned above.
The current literature offers several analyses of MSIs. Tröster and Hiete [20] , for example, provided an analysis of 226 academic papers on voluntary sustainability initiatives that mostly represent MSIs. More specifically for this study, Kickler and Franken [1] performed a detailed review of 19 MSIs for Sustainability 2020, 12, 236 7 of 30 responsible mining based on material published by the MSIs such as websites, standard documents, certification manuals or progress reports. They further asked for feedback from the MSI resulting in a consolidated characterization of a large number of MSIs in this field. The descriptions and characterizations of the MSIs coming from this body of literature can thus represent a valuable piece of information for further analyses, for example [1, 15, 18, 20, 23, 27 ].
Understanding Responsible Mining as a Social Innovation
The focus of social innovation on new solutions and changed practices is echoed in the debate on responsible mining or responsible sourcing that are defined as "the management of social, environmental and/or economic sustainability in the supply chain through production data" [3] (p. 391). Although the definition of responsibility given transcends the boundaries of social sustainability in a narrow sense, it nevertheless focuses on a comprehensive contribution to the welfare along the SC. However, a SC always starts with raw material production such as in agriculture, forestry, or mining. These basic economic actions are the prerequisite of today's often global SCs [41] . Moreover, mining has been found to be one of the most impactful economic operations with more than 30 Millions of formal and informal miners [10] . This social relevance is complemented by long-lasting and far-reaching environmental degradation of mine sites and surroundings as well as resource consumption, at least if the mine is poorly managed and operated [3, 7, 8] .
Responsible mining is thus vital for "improving the welfare of individuals and communities through employment, consumption or participation" as called for by the OECD [33] . However, the dominance of other goals, such as economic performance, short-term profits, insufficient knowledge but also price pressure and increasing demand at the global mineral market, has long impeded the diffusion of more responsible mining practices [2] . This development as well as the exhaustion of mines in industrialized countries shifted mining operations in particular to regions lacking labor protection as well as poor social and environmental legislation and/or enforcement. In response to that, the mining sector has been focused by different governance approaches that are reviewed next.
The Dual Role of an MSI for Social Innovation: An Analytical Framework
Synthesizing the conceptualization in Section 2.2 results in the analytical framework presented in Figure 1 . The framework distinguishes three zones starting from its center: (1) the internal structure and processes within an MSI termed governance of the MSI, (2) the direct MSI environment with which the MSI directly interacts and that it aims to govern (3) the indirect environment which includes authorities and the wider public that are not immediately governed but might well be influenced. The framework adopts the two-sided focus of social innovation outlined in Section 2.2 on stakeholder-related organizational change and change in practice. Building on Section 2.2.1, governance of the MSI can be divided into three main parts [5, 20, 39, 40] : ownership of the MSI [5] , i.e., who is member of the initiative, the definition of scope, i.e., the challenges that the MSI wants to address, and the institutional design of the MSI as an organization, i.e., the underlying processes necessary for developing, negotiating and revising the prescribed requirements and practices. "Member" of an MSI is understood in a rather broad sense and includes all organizations that are steadily involved in determining the direction of the MSI, even if they are not real members, for example, organizations invited to join the standard-setting process or external organizations on the board of directors. Since MSIs are voluntary, the different decisions regarding the governance of an MSI strongly influence how stakeholders perceive an MSI and regard it as beneficial for solving their problems which affects the implementation of responsible mining as the supposedly ultimate goal of an MSI. We acknowledge than an MSI might have different goals than a real change towards responsible mining in practice, such as appeasing critical stakeholder groups. 
Materials and Methods
This study adopts a combined research approach to enable a thorough investigation of the research questions. This framework comprises two steps that are depicted in Figure 2 . In step (1), an analytical framework has been built based on conceptual reasoning [45] . This aims to build a better understanding of complex relations such as the use of new ways of stakeholder interaction to address societal challenges and the change of practice in an industry sector due to stakeholder pressure for more responsibility and the adoption of legitimate practices. This is realized by means of a process of disciplined imagination, as proposed by [46] , that aims at the generalization of the researched phenomenon as undertaken in the framework presented in Figure 1 . Such a disciplined imagination is based on a continuous consultation of the theory captured in literature and "abstracting, generalizing, relating, selecting, explaining, synthesizing, and idealizing" it against the phenomenon one seeks to explain [46] (p. 389). As a result of the multiple iterations, the relevant constructs can be defined that make a difference regarding the researched phenomenon. These can then be synthesized in diagrams or frameworks that build the basis for further analysis. While this approach of theorizing is borrowed from the social sciences, it is nevertheless well suited to the analysis of social innovations that seek novel and non-technical solutions to societal challenges. In order to enable an analysis based in the also more technical domain of responsible mining, we had to balance the literature base towards a coverage of the social as well as technological issues relevant to the topic. We thus consulted technical reports and papers [1, 5, 24, 25, 27] alongside social science sources [21, 30, 31, 33] . Combining these insights into the analytical framework in Figure 1 enables the application of a social innovation perspective on MSI for responsible mining as it is done in the second step of the analysis. To understand the role of an MSI for fostering responsible mining, it is also necessary to analyze the limitations of the authority-based approach and whether the three sustainability dimensions are equally accounted for, i.e., how the triple bottom line (TBL) is addressed in the standard. Finally, the MSI needs to diffuse the developed solution (transformation outside of MSI in Figure 1 ), i.e., the responsible mining practices and mind-sets through the entire sector to enable the realization of a more sustainable economy. This diffusion and the associated transformations outside and inside the MSI have scarcely been addressed in prior research [23, 25] and are difficult to track due to the strong dynamics in the sector that is constantly building new MSIs, while others become inactive [1, 18, 25] . Still, we adopt the conceptualization of MSI diffusion by Drempetic et al. [23] that distinguishes three transformation paths for MSIs (transformation of MSI) and broaden it by adding the underlying steps of MSI growth (becoming larger), of MSI maturing with best-in class, extension in scope and extension of stakeholder base, and obsolescence and closure or definition of new scope. We see this addition as necessary to fully understand the diffusion of responsible practices and associated transformations in the sector and MSIs. This is based on the understanding that diffusion represents "the process by which information, ideas, changes in behavior, etc. spread through a group" [42] .
The central part of the framework in Figure 1 , that is the change in practices, is clearly the most interesting from a social innovation perspective, as the two sides of the social innovation intersect. On the one hand, the voluntary change in practice represents a novel solution that is substantially different from the authority-based implementation relying on legislation and sanctions [18, 20] . Moreover, the voluntary change based on stakeholder consent and legitimacy reached in the MSIs' bodies and the formation of standard requirements is different from a market-driven implementation as it positions the solution of a societal challenge as a counterweight to pure economic objectives. This novel way of change in practice is focused in the first research question. Furthermore, it aims to change the practices of the related industry to more responsible ones than the prior way of operation that are focused in the second research question. As outlined in the literature review above, there is some literature on MSIs, but the aspect of how exactly these MSIs contribute to the solution of societal challenges beyond authority-based governance is of particular interest to this study. We will thus leverage on different sources of evidence to provide insights regarding the three parts of the framework and explain the details of the method applied in the following section.
To further analyze the change of practice, we see two essential aspects. First, the reviewed MSIs represent social innovations that enable the fulfillment of high-level institutional innovations. We thus analyze the link of the MSIs to such national or supra-national institutions that have been found to be major drivers of responsible mining [3, 5, 43] . Second, the social innovations aim to implement responsible mining or sourcing that focusses on the three dimensions of the TBL, i.e., social, environmental, and economical sustainability [3, 44] . The TBL dimensions thus complement the analysis to enable a comprehensive evaluation of the implementation before the diffusion can be investigated. The items in Figure 1 are further detailed in Sections 4.1-4.3, 5.1 and 5.2
This study adopts a combined research approach to enable a thorough investigation of the research questions. This framework comprises two steps that are depicted in Figure 2 . In step (1), an analytical framework has been built based on conceptual reasoning [45] . This aims to build a better understanding of complex relations such as the use of new ways of stakeholder interaction to address societal challenges and the change of practice in an industry sector due to stakeholder pressure for more responsibility and the adoption of legitimate practices. This is realized by means of a process of disciplined imagination, as proposed by [46] , that aims at the generalization of the researched phenomenon as undertaken in the framework presented in Figure 1 . Such a disciplined imagination is based on a continuous consultation of the theory captured in literature and "abstracting, generalizing, relating, selecting, explaining, synthesizing, and idealizing" it against the phenomenon one seeks to explain [46] (p. 389). As a result of the multiple iterations, the relevant constructs can be defined that make a difference regarding the researched phenomenon. These can then be synthesized in diagrams or frameworks that build the basis for further analysis. While this approach of theorizing is borrowed from the social sciences, it is nevertheless well suited to the analysis of social innovations that seek novel and non-technical solutions to societal challenges. In order to enable an analysis based in the also more technical domain of responsible mining, we had to balance the literature base towards a coverage of the social as well as technological issues relevant to the topic. We thus consulted technical reports and papers [1, 5, 24, 25, 27] alongside social science sources [21, 30, 31, 33] . Combining these insights into the analytical framework in Figure 1 enables the application of a social innovation perspective on MSI for responsible mining as it is done in the second step of the analysis.
This second step uses literature-based evidence to fill the parts of the framework and contribute to answering the research questions. This evidence is based on a review of the existing literature that integrates academic and practitioner literature alike to extend the knowledge on MSIs as social innovation and to deliver empirical evidence on the implementation of the social innovation. To realize this, the review is based on the content-analysis based literature analysis method proposed by Seuring and Gold [47] . Such a literature analysis consists of four steps that encompass (a) the collection of material, (b) a descriptive analysis, (c) the selection of suitable categories for the analysis, and (d) the evaluation of the material [47, 48] , as depicted in Figure 2 . By building on content analysis, we again rely on a method established in the social sciences. This is one of the prime approaches for a rule-governed and replicable analysis of any form of written communication [48] .
Such an approach that is solely focused on written communication is of course subject to several limitations that originate from the procedures applied in the single parts of research step (2) that are presented in the following sections to ensure the replicability of the study.
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Such an approach that is solely focused on written communication is of course subject to several limitations that originate from the procedures applied in the single parts of research step (2) that are presented in the following sections to ensure the replicability of the study. 
Collection of Material
In light of the existing literature on the governance of MSIs [1, 20, 39, 40] and their diffusion [18, 23] as well as the standard documents published by the MSIs themselves, we opted for a combined approach to reviewing the literature. This approach is quite unusual in the field of MSIs for responsible mining, since the available reviews focus either exclusively on academic literature [20, 43, 49] or practitioner documents [1, 5, 15, 25] . However, such a combination of data sources has been called for in recent literature on academic literature reviews, as it offers new insights that go beyond established paths and mainstream ideas [49] that have led societies to the challenges social innovation wants to address [30, 31] . The applied method thus builds in step (1) (cf. Figure 2 ) on the already available comprehensive reviews in the field of MSIs [15, 20] that delivered an elaborate picture on the academic side of the debate. Combining this with a systematic review of the currently available standard documents of the MSIs for responsible mining promises to enrich our understanding of MSIs as social innovations in general and the way MSIs for responsible mining change industry practice in particular. To achieve this goal, we consolidated and updated the data sources of prior studies of MSIs for responsible mining such as [1, 5, 25] to arrive at a current and comprehensive set of MSIs for responsible mining. This search process resulted in a set of 20 MSIs that is reviewed by analyzing their core standard requirements that are published in the following 27 sources [28, 38, . These documents represent the second part of the sample, that is, the practitioner literature. The numbered full references at the end of the paper establish the traceability of the reviewed data that is necessary to ensure the replicability of the study [47, 49] . This literature set consists of a total of more than 1000 pages of documents that provide mainly insights into the practices the MSIs define as legitimate to solve the challenge they address and the means to implement them.
Step (1) Literature review and conceptualization
Step (2) 
As a result, role 2 of the framework will mostly be populated with insights from the academic literature from research step (1), while role 1: change in practice will mainly rely on the results of the review of the MSI documents in research step (2).
Descriptive Analysis
The descriptive analysis outlines the formal characteristics of the reviewed material [47] . We focus here on the MSIs' documents, as these are central to the study's interest. In contrast to a typical descriptive analysis of academic material, this descriptive analysis aims to structure the scope of the MSIs in terms of ownership, mineral focus, and supplier coverage that have been found to be critical to the solution of sustainability challenges in the minerals sector.
First, we argue that the ownership of an MSI has a major influence on all levels of the framework. It has been found to shape the recruitment of new members as well as auditors and influences the decision making of the MSI as well as its stakeholder engagement and the communication of any activities and performance [5, 20, 27] . Even more so, the ownership directly influences the sustainability aspects covered and likely their stringency.
Second, the mineral focus of an MSI has an influence on the requirements it sets, the stakeholder it attracts as members, the people and organizations affected by the mining activities, etc. [1, 18, 25, 43] . Moreover, it is evident that the mining and processing of certain minerals affects the use of specific processes and inputs, like the use of cyanide for the separation of gold and silver from non-valuable materials in large scale mining [65] or of mercury in artisanal and small-scale mining that produces approximately 70% of all mercury emissions [35, 75] . Furthermore, the minerals have very particular market structures. For example, precious minerals such as gold or cobalt are attracting many ASM [13, 14, 50, 63, 76] as transport and trade of the mineral is far easier than that of low-value mass minerals such as coal [52] .
Third, the supplier coverage is impacting the requirements. These need to become more diverse or inclusive with a rising number of processes to be certified that might range from mining and processing to manufacturing [1, 3, 18, 21] . Furthermore, a wider coverage of suppliers has been found to be beneficial for stakeholder acceptance that is a precursor of an MSI's success [18, 20, 27] . The relevance of supplier coverage is also reflected by the fact that a rising number of MSIs are implementing traceability systems that cover entire supply chains or at least their most critical parts, in order to avoid any uncertified materials end up in certified products [1, 5, 25] .
The results of this analysis are displayed in Section 4. Starting from this characterization of the material, moreover, it is crucial to define a clear and relevant set of categories for the analysis of the material as presented below.
Selection of Suitable Categories for the Analysis
To analyze the material against the research objective, that is, understanding MSIs as social innovation, there is a need to define suitable categories that allow for such an endeavor [47] . Building on the conceptual work in research step (1), we adopt the analytical framework developed in Section 2.2.3 and Figure 1 as the basis for the analytical categories in research step (2) . This provides a somewhat longitudinal orientation with its three parts of governance of MSI, change in practice, and stakeholder-related organizational change. Moreover, the sub-division of these parts guides the analysis of factors relevant to characterize MSIs as a social innovation from a governance perspective, as they allow for the analysis of the stakeholder-related organizational change in the governance of mining operations. Furthermore, the change in practice has been further detailed by incorporating individual sub-parts aimed at portraying the link of the practices prescribed by the MSIs to authority-based governance structures and to the TBL dimensions that are central to the understanding of the societal challenge in focus, i.e., responsibility and sustainability of mining operations.
Evaluation of the Material
After selecting these categories, these need to be applied in the evaluation of the material, where the categories build the analytical frame for coding the reviewed material [47] . This is achieved by working through the texts and assigning relevant text passages to the categories that abstract the given passage. To enable such a coding in a rule-governed and replicable way, the unit of analysis has to be defined [48] . In case of this study, text passages starting from one sentence up to a couple of sentences, which describe a relevant piece of content, are the unit of analysis. This allows for the identification of relevant considerations that may need some space to be explained without the risk of an over-interpretation of single terms or formulations [48] . To further ensure the validity and reliability of the analysis, the two authors conducted thorough discussions of the reviewed MSIs' documents and the category system amongst each other and with experts from industry and academia. Such discussions, also labelled as "discursive alignment of interpretations" [47] (p. 551) have been found to establish a more coherent and solid understanding of the categories and the material, which in turn enhances the validity and reliability of the analysis [47, 48] . Moreover, the categories are based on well-established academic literature that ensures consistent definitions as a sound basis for an analysis.
Still, the use of a limited set of categories for analysis as well as the reliance on written communication is limiting the analysis. One of the main issues that needs to be taken into account is the nature of the analyzed material [48] . In the case of this study, we evaluate the value of the MSIs based on their own documents. This data base is of course prone to an overly positive result, as the authors of any text are likely to put themselves and their work in a favorable light. It is thus important to outline the issues that are not addressed alongside the ones found in the coding results.
Nevertheless, the application of the described procedures have by now been widely applied in the analysis of texts from interviews, academic papers, or practitioner documents [20, 43, 47, 48, 77] . This ensures reliability and replicability of the results that are presented next.
Results
The results are subdivided into the outcomes of the descriptive analysis that are presented directly below and those from material evaluation presented in the remaining sub-sections of Section 4.
The descriptive analysis offers a structure for the reviewed material that is oriented along the relevant characteristics of the material [47] . These cover in this case the ownership, mineral focus, and supplier coverage, that define the limits in which the MSI is active to address societal challenges. The distribution of the 20 MSIs across these three characteristics is displayed in Table 2 , which adopts the supplier coverage as lead-dimension along which the distribution of the other two dimensions is oriented to provide an overview of the reviewed MSIs for responsible mining. The top lines present the supplier coverage of the MSIs, that is the parts of the SC that are covered by the requirements that these MSIs set and that have been found to be crucial for the comprehensive solution of environmental or social challenges in mining, as the SC represents the customer of the mines [5, 18, 78] . Here, a divided picture is striking, as there is either a focus on extraction and export or a comprehensive SC coverage. This mirrors the distribution of sustainability challenges that have a clear focus in the mining and initial processing of minerals, while the rest of the SC is in tendency less prone to environmental pollution and adverse working conditions [5, 77, 78] . Following a life-cycle logic, nevertheless, it is clear that any sustainability issue deep in the SC will affect the total sustainability of any company and product associated to this supply [41, 79] . This logic fuels the development of MSIs with a comprehensive SC coverage [22] that shows a substantial share with seven out of the 20 MSIs, whose governance is reviewed next.
The middle lines of Table 2 display the scope of minerals that are focused by the reviewed MSIs for responsible mining. It becomes obvious that the entirety of MSIs is still far away from covering the entire mining sector. Instead, there are key minerals such as very valuable ones like gold, silver, platinum, and diamonds that account for more than half of all counts in the mineral focus. For these minerals, multiple MSIs exist that compete for market coverage. This focus on valuable minerals is in stark contrast to the volume of minerals mined globally and does not represent a balanced coverage of the mining sector and its contribution to societal challenges such as environmental degradation, human rights violations, and adverse working conditions [5, 7, 8] . However, the valuable minerals mentioned above as well as the 3Ts often serve for financing armed conflicts (e.g., blood diamonds or gold in the African Great Lakes region) explaining in part the observed distribution. Another reason is the relatively high stakeholder awareness of gold and silver that are regularly to be found in jewelry. Since that is directly visible to customers, these are directly touched by reports about related sustainability issues. This stakeholder awareness is also mirrored if the mineral focus is cross-tabulated with the supplier coverage, as done in Table 2 . Looking at the results, it is striking that these valuable minerals build the majority of MSIs that incorporate a supplier coverage beyond the extraction. Besides, minerals in general or mass minerals are underrepresented. This can be interpreted in a similar way than for the precious minerals. The mass minerals represented in MSIs are coal [52] , natural stones [62, 74] and aluminium [38] . All of them are subject to stakeholder criticism, for example, due to negative climate impacts (coal and aluminium) and the competition with other materials that are deemed more sustainable, especially wood in construction. The MSIs were thus established to cover against this and in the case of the ASI for "reinforcing and promoting consumer and stakeholder confidence in aluminium" [38] (p. 4). This is also one of the reasons for choosing a complete SC coverage for the mass minerals, since the majority of the criticism is associated with the adverse environmental and social conditions at the first stages of the SC [5, 79] . Nevertheless, this criticism needs to be countered by companies and organizations at the other end of the SC that want to sell their products that are based on the minerals [77, 78] . The MSIs focusing on 3Ts also aim to counter pressure on their SCs. However, this is mainly based on regulators that require reporting on the origin of the "conflict minerals" to which the 3Ts belong [5, 79] . This is also underlined by the cross-tabulation that reveals that all three MSIs covering the "extraction to smelter" portion of the SC are focusing on the 3Ts and gold. Moreover, all of them are industry initiatives that serve the members to establish compliance to US American as well as EU regulation on conflict minerals [55] that is, however, outside the immediate focus of customers [5] .
The bottom lines present the ownership of an MSI that is the range of stakeholders that are represented in the governing bodies of the organization [5, 20, 40] . It shows a clear dominance of industry actors that are represented in a total of 80% of the reviewed MSIs. These industry actors either created the MSIs themselves, or-as displayed on the right end of the table-jointly, for example, with NGOs or with NGOs and state actors. While the former six MSIs might be subject to criticism as the risk of greenwashing instead of progress towards solving the societal challenge is substantially heightened [18, 80] , the latter 12 MSIs (the last three rows in Table 2 ) counter this criticism with a balanced set of owners and related owners' interests. Such a balancing can be achieved by incorporating NGOs (this is the case in 60% of the MSIs). It is nevertheless striking that, among those MSIs having one founding stakeholder group only, the mining industry is the most frequent founder. However, there is also a high share of MSIs in which several stakeholder groups are involved ( Table 2) , which underlines the role of MSIs as social innovation. The strength of the MSIs is thus to bring a diverse set Sustainability 2020, 12, 236 14 of 30 of actors together. These move beyond national borders and are responsive to the challenges addressed, as any set of actors can ask for or offer tailored solutions in the standard setting and revision process. Still, we can see in the descriptive analysis that the MSIs are widely influenced by the industry and are more reactive to stakeholder and customer pressure and less proactive. This causes criticism regarding greenwashing. The independence of MSIs from governmental processes and needs of representation is both an advantage and a disadvantage, as will be presented in the following sections.
Governance of the MSI
Governance covers aspects such as who initiated and founded and thus owns the MSI (ownership), what it aims for (scope), and how the MSI is organized (institutional design) [5, 20] . The scope also is related to an MSI's function to foster responsible mining, that is the change in practice from the perspective of social innovation. This is further detailed in Section 4.2. Change in practice. By contrast, the first three items are important for the discussion of MSIs as a social innovation from a governance and organizational change perspective and are presented next.
Ownership of the MSI
Although it is largely impossible for outsiders to determine who initiated the formation of an MSI, an analysis of the founding members is nevertheless illuminative and highlights the social innovation inherent in most but not all MSIs. Bettercoal, for example, was founded by eight European electric utilities only [1] . Although this kind of cooperation between competitors for sustainable supply chain management is relatively new (other examples can be found in the automotive or chemical industry, in the latter as Together for Sustainability (TfS)), we would not judge this as social innovation in the sense of role 2: stakeholder-related organizational change, as ownership and cooperation are limited to one stakeholder group only and the contribution of such MSIs to solving sustainability issues is partly criticized [1] . Similarly, but at the other end of the SC, the International Council on Mining and Metals (ICMM) is a chief executive officer (CEO)-led organization of 26 global mining and metals companies and 35 industry associations [81] representing thus the mining and processing industry side only. Of higher interest from a social innovation perspective are the other cases. For example, the ASI goes back to 14 companies of the supply chain [1, 82] and, according to ASI, was founded by "the aluminium industry, civil society, research and policy organisations, and industrial users of aluminium products" [83] . To gain credibility and legitimacy, ASI then mandated the International Union for Conservation of Nature (IUCN), a membership union of more than 1300 government and civil society organizations [84] , to host and coordinate the standard-setting process [83] . Other MSIs, in particular those focusing on ASM, have their origin in the engagement of NGOs such as the MSIs Fairtrade and Fairmined Standards. These NGOs bring the challenges of ASM to the fore that traditionally have no lobby and often remain in an informal and illegal state [29, 76] . This blocks them from a sound representation in and protection by authority-based governance solutions [14] . But there are also examples for MSIs integrating practically all relevant stakeholder groups. The Initiative for Responsible Mining Assurance (IRMA) was founded by a "coalition of non-government organizations, businesses purchasing minerals and metals for resale in other products, affected communities, mining companies, and labor unions" [85] . Bringing these stakeholder groups together is truly a social innovation and as a result IRMA is regarded as the MSI with "the most comprehensive and legitimate catalogue of requirements" [1] (p. 31) . Surprisingly, Tröster and Hiete found that IRMA meets the demands of different stakeholder groups on design characteristics less well than others, possibly as it was still in development [27] .
Scope of the MSI
Scope refers to both the goals of an MSI and its focus on certain (groups of) minerals, company scales, geographical regions, supply chain parts or-as in the case of the "International Cyanide Management Code For the Manufacture, Transport, and Use of Cyanide In the Production of Gold" (Cyanide Code)-a mining practice. The MISs' goals vary and extend from strengthening the social license to operate through commitment and reporting (e.g., ICMM), to professionalization of and improvements in ASM (e.g., Fairtrade, Fairmined), providing information for more sustainable purchasing decision making (Bettercoal or Fairstone), ensuring compliance with the Dodd-Frank Act for downstream actors of the supply chain (e.g., the Conflict Free Smelter Initiative, CFSI) to making a positive sustainability impact in mining and processing, cf. [1] . The example of the MSI Bettercoal is somehow ambiguous. On the one hand, it is blamed for greenwashing by the German NGO urgewald [80] . On the other hand, it achieves one of the higher positions with respect to sustainability sub-issues covered in its code, but a low position for its level of detail [1] . This highlights the difficulties when evaluating MSIs: first, should an MSI be measured against current sustainability performance of certified organizations or against the progress made and how much time should be given for changes towards sustainability? Second, mine sites are operated for a longer period and by the same companies. So, how should an MSI deal with past injustice? Third, even legal mining practice in developed countries, such as mountain-top removal for coal mining in the U.S.A., is rightly considered as largely unsustainable. So, drawing the line of what is considered unavoidable and acceptable for a particular purpose and what is not is often controversial. This question is likely not separable from the purpose of mining. The acceptance for coal mining, for example, is likely also lowered due to the greenhouse gas and other air emissions during its combustion and the fact that cleaner alternatives exist.
Interestingly, however, most schemes "lack a proper impact monitoring and cannot give evidence for actual improvements on the ground" [1] (p. 24) creating some doubts since impact monitoring is a prerequisite for further improvements. The social innovation perspective thus becomes apparent in two different ways: first, the aim for changes in practices towards sustainability (cf. Section 4.2) and, second, the circumstances under which different actors come together to achieve these goals. Compared to the authority-based approach, MSIs are neither bound to national borders or neutrality nor limited by risks to intermingle in other countries' sovereignties. For example, an MSI can positively discriminate by ensuring that certified products receive price premiums at the market (Fairtrade) or simply engage with interested, mostly better performing actors and companies. The latter is more difficult in an authority-based approach, although, for example, the European Union's voluntary Environmental Management and Audit Scheme (EMAS) grants some facilities for certified organizations. Anyway, private voluntary cooperation may be better suited to support the willing without the need to be considerate of the unable or unwilling. Focusing on frontrunners bears, however, the risk of losing the others. Therefore, several schemes foresee entry and over time increasing requirements suitable for currently low-performing companies and provide capacity building and guidance to improve performance over time which is particularly relevant for ASM. For example, the Alliance for Responsible Mining (ARM) with the Fairmined Standard develops an additional Entry Standard for gold from ASM [1] . From an impact-oriented perspective, MSIs represent only a successful approach if they are in widespread use or if they pave the way for common ground (cf. [18] as well as Sections 4.3.1 and 4.3.2) as is the case of the Certified Trading Chain (CTC) that was integrated into official state documents in Rwanda and Democratic Republic of Congo [1] . So, although we see a wide scope of the MSIs that in their totality might address all relevant sustainability issues in mining, there is a need for further development of the MSIs. Otherwise, the MSIs might continue to suffer from greenwashing and non-efficiency criticism that harms their potential as a social innovation. This is, however, not only referring to their scope, but also to their institutional design that is presented next.
Institutional Design of MSIs
Once founded, MSIs need to be governed through appropriate processes and an organizational structure. Their design affects acceptance among stakeholder groups. Acceptance is a key issue for MSIs as, in contrast to authorities, their existence and widespread use depends on gaining acceptance among important stakeholder groups [18] . Key items affecting acceptance include progressivity of requirements, traceability of products, intensity of audits, availability of capacity-building measures, implemented complaints mechanisms, the stakeholder composition and transparency [20, 27] . The relevance of the items differs between stakeholder groups and being founded by a multi-stakeholder group does not necessarily mean performing better here, at least when compared with MSIs founded by supply chain actors or civil society [27] . However, lately formed MSIs tend to perform better than older ones [27] . Overall, this dependency on acceptance by different stakeholder groups is both a strength and a weakness. It forces an MSI to maintain a negotiation process continuously and to balance the views of its stakeholders. The result of this process should be an up-to-date, from a sustainability perspective demanding but still economically feasible compromise-as long as the different positions are accepted by the stakeholder groups. It can be speculated that the direct exchange between the stakeholder groups results in relatively fast negotiation and update processes allowing them to react more quickly to changing framework conditions than authority-based solutions such as legislation. In case of IRMA, however, the initial standard-setting process lasted 10 years [1] showing that the process may be longish, too. Furthermore, whereas the development of legislation often lacks transparency with widespread lobbying in back rooms, particularly from industry, integration of stakeholder interests in MSIs is an open fact and the need to acquire authority from the stakeholder groups should prevent unbalanced outcomes. However, it is also evident that MSIs do not show a separation of powers as the authority-based approach does. Whereas audits are often performed by third parties providing some distance between standards setting and execution, a neutral organization for settling disputes is largely missing. Problems may also arise if an MSI affects stakeholder groups that are not involved. Finally, although we talk of "stakeholder groups", in general, there are just one to a few "representatives" per group involved and there is no way to assume these are really representative or have any legitimation to represent the group. In the final analysis, in contrast to the authority-based approach, the MSI-based one is likely not applicable in case of unpopular measures for one or several of the stakeholder groups. This may explain why impact monitoring is underdeveloped and compliance apparently not that important. In the case of the Responsible Jewellery Council (RJC) (one of the few MSIs with impact monitoring), 62% of the certified organizations infringe the MSI's requirements [1] .
These insights provide first contributions to the research questions, but it is furthermore important to analyze in which areas MSIs aim at changing the mining practice that is reviewed next.
Change in Practice
Social innovation focuses on establishing more responsible extraction and beneficiation activities in the mining sector and is directly addressed by the reviewed MSIs. Adopting the dual role of MSIs as social innovation, this section sheds light on the governance role of MSIs in the first Section 4.2.1. and their role in changing practices in the remaining Sections 4.2.2-4.2.4.
The Interaction of MSI-Based and Authority-Based Governance
To better understand in which areas the MSI-based approach has the potential to change practices, it is important to see how the MSI-based and authority-based governance approaches interact. The MSI Bettercoal, for example, focuses on "developing guidelines, tools, and methodologies to improve ethical, social, and environmental practices at the coal mining site level" [52] (p. 3). This quote shows that Bettercoal aims at operating at a higher level of detail than state regulation or supra-national frameworks that often also cover multiple industries. This increase in detail does not refer to the level of detail at which sustainability issues are described (here Bettercoal performs rather poorly [1] ) but the level at which guidance is provided, such as in case of Bettercoal actionable tools and methodologies that offer concrete solutions to the specific sustainability challenges of mining and processing of a specific mineral. MSIs that focus on fairness, for example, explicitly define minimum wages or price premiums, while the Cyanide Code is very specific on the sealing of cyanide handling areas to prevent emissions to the environment.
An example of a supra-national framework in the mining sector are the OECD Due Diligence Guidelines that require "an on-going, pro-active and reactive process through which companies can ensure that they respect human rights and do not contribute to conflict" [28] (p. 8). Additionally, Section 1502 of the US Dodd-Frank Act imposes reporting requirements regarding the use of minerals from conflict affected areas, so-called conflict minerals-mainly tantalum, tin, tungsten and gold-in the SCs of companies listed at US stock exchanges [5] . These frameworks represent institutional innovations that are put into practice with the support of some of the reviewed MSIs. The CFSI, for example, stated that its standards are specifically designed to assist downstream customers in their compliance with Section 1502 of the Dodd-Frank Act [54] . It is thus essential to understand the relation of the MSIs to the authority-based governance approach.
Each of the analyzed MSIs' standard documents explicitly reference national regulation, mainly by clarifying that national law may not be violated. The MSIs often define requirements that are stricter than authority-based ones. Examples encompass minimum ages of workers that are 15 years for non-hazardous and 18 years for hazardous work [38] "or the minimum age outlined in national law, whichever is higher" [67] (p. 38). However, the MSIs' requirements leave room for national or local specificities by defining, for example, that "public holidays and night work must be paid at a factor of two unless otherwise defined by national legislation, by CBA [collective bargaining agreement] or by agreements with unions" [63] (p. 49). This is beneficial to local stakeholders such as unions, but also undermines the aim of having global rules like a fixed minimum wage and might allow for a race to the bottom in cooperation with local stakeholders. Still, such a discussion on the value of local versus global legitimacy of sustainability actions is a highly difficult topic and beyond the scope of this study.
Other regular references go to supranational governance frameworks like the OECD Due Diligence Guidelines and the conventions of the International Labor Organization (ILO). This practice is beneficial for the interoperability of the MSIs, i.e., the applicability of multiple MSIs to address a single problem with a single solution instead of an individual solution per MSI [23] . Moreover, such references to international guidelines have been found to enhance the legitimacy of an MSI, as they build on a wider set of stakeholders and commonly accepted rules instead of creating new ones [18] .
Finally, the MSIs focusing on conflict minerals reference the US Dodd-Frank Act and the European regulation 2017/821 that require monitoring and reporting actions from mineral importing companies. Thus, this complements the more production and export-oriented legislation on minimum ages and wages mentioned in the second paragraph of this section. The fulfillment of these actions is supported by a number of the reviewed MSIs [53] [54] [55] [56] [57] 59, 68, 71] , that are thus closely related to the two regulations.
These insights provide a first set of answers to the second research question that centers on how MSIs can complement the traditional authority-based governance approaches. The results, moreover, show that the two roles of MSIs can hardly be separated, as the change in practices is enabled via a change in governance. This combination of changes opens a space for the reviewed MSIs to reference existing regulation and amend it with requirements regarding practices that are legitimate to the entirety of the MSI owners and members and that are actionable for the certified organizations and companies. The issue of actionability is especially relevant with respect to the rather abstract supranational governance that is often applicable to many industries and needs to be translated into industry-specific requirements. This role is taken over by the MSIs that thus enable a change in practice. However, although the MSIs try to elevate nationally divergent regulation to a standard level, they still lack the means to enforce this change since they are voluntary. The MSIs and the legitimacy they can offer to compliant organizations can thus only be seen as a voluntary incentive that offers a reward for implementing more responsible practices and exceed national regulation. Still, the MSIs cannot enforce this change unless it becomes an industry best-practice or it diffuses into the authority-based governance. The details of this change to more responsible practices are presented in the following sub-sections that show what focal issues are addressed by the MSIs' standard documents.
The Change of Social Practices in Mining through MSIs
Since social innovations focus on solving social problems, this category of practices is particularly interesting for answering the first research question. This interest is further fueled by the fact that conflict minerals that are associated with civil war financing, forced labor, and human rights violations in mining regions [5, 28, 79] are the focus of half of the 20 analyzed standards. These severe issues are addressed by the MSIs by referencing the ILO conventions on workers' rights and working conditions [52] and defining a total ban on forced labor by means of debt bondage due to, for example, recruitment fees or retaining official documents of workers or any restrictions to the freedom of movement [38] . Finally, workers are protected from discrimination due to gender, religion, age, origin or any other conditions [38] .
Besides the workers, the social practices address larger societal issues and the standards implement the protection of cultural heritage that might be destroyed or otherwise affected by mining operations [52, 67] . Moreover, indigenous people and their lands are protected by the MSIs [38, 72] since such small minorities often have at most a very limited say in national or regional parliaments or administrations.
While the aforementioned requirements are all representing legitimate issues, we again need to balance them against their enforceability by a voluntary MSI. In effect, it has to be contended, that the MSIs offer guidelines that will be evaluated on a cost-benefit ratio by mining companies. Nevertheless, the MSIs raise the awareness of local and other stakeholders for issues of exploitation and discrimination that have largely gone unnoticed before. While the guidance by the MSIs might not impact the mining companies too much, they nevertheless offer guidance to the workers on how they should be treated. Ideally, the MSIs complement their requirements with an anonymous whistle-blowing or dispute settlement procedure that gives a better voice to previously unnoticed individuals. Again, this is not as powerful as authority-based governance, but it paves the way to improved rights of workers, communities and indigenous people.
Beyond the pure protection of stakeholder rights, the standards are also driving the information of stakeholders regarding their rights as well as building the capacity of stakeholders to enable them "to campaign for legislation and public policies that promote their rights and enable a responsible ASM sector" [50] (p. 4). The MSIs, moreover, help to provide sufficient information to the stakeholders so that they can actively take part, for example, in risk assessments and other decision-making processes. These practices are prescribed to be conducted in an appropriate manner in terms of language and timeliness to avoid greenwashing via an intentional misinformation of stakeholders [67] . Beyond and above providing information, nine of the 20 standards require the implementation of complaint mechanisms concerning, for example, working conditions [62, 67] , sourcing conditions [38] , human rights [73] , and environmental protection [50] . These measures are a valuable complement to authority-based governance that may foresee stakeholder consultations but cannot inform the stakeholders sufficiently to enable their participation.
In addition to the protection of rights and enabling stakeholders to take advantage of their rights, the standards also aim to build the basis for economic prosperity during and after active mining. Such measures aim at avoiding the exploitation of a community's resources without a legitimate contribution to the community and the miners. Thus, this can happen on the level of the individual miner, who might well be subject to exploitation by armed groups that use physical violence [50, 79] or middle men that use debt bondage or information asymmetries to exploit miners [29, 63, 86] . The MSIs aiming at fair conditions thus try to establish secure and reliable points of sale and price premiums for ASM miners [50, 63] . Fairmined Gold, for example, outlined premiums of 4000 USD per kilogram of gold or platinum as well as 100 USD per kilogram of silver [50]. These premiums help to resolve debt bondage and enable the formal acquisition of mining licenses [14, 76] and enabling a process of "progressive organization and formalization of the ASM sector, bringing with it improved labor rights [and] safer working conditions for miners" [50] (p. 4) (see also [29] ). Only this formalization of ASM and informal miners enables their representation in and protection under authority-based governance approaches and is thus crucial to resolving their discrimination [14] .
Focusing on the mining communities and regions, the MSIs impose requirements on transparent and fair tax payments [59, 61] which ensure that the mining sector is contributing its share to the tax authorities that enables an enhancement of the societal welfare. Moreover, the provision of education and health services is prescribed to actively contribute to the societal welfare. Additionally, education is seen as a main pillar for enabling a stable economy if the mining operations end and other jobs are needed.
In effect, the results of the analysis of the social practices show an overwhelming relation of the governance approaches. Solving individual and societal problems like education, compliance to taxation, and the protection of human rights are basic tasks of a country and its government. However, the explicit definition of these requirements in the vast majority of the MSIs' standard documents underlines their potential value in driving social innovation. Moreover, this shows the complementation of authority-based state governance that is sometimes not able to ensure tax payments. However, we need to note that the MSIs do not really enforce this change of practice and complementing of state governance, but they offer support to local stakeholders and communities to enforce their rights outside the MSI. This enforcement is of course again dependent on the authority-based governance underlining the complementary nature of the approaches.
The Change of Environmental Practices through MSIs
Just like in the social practices there is a distinction of practices and requirements for active mining as well as mine closure or material stewardship approaches. The former is mainly focused on the reduction of emissions, effluents, spillages, waste, and water usage [64] . There are mostly general calls to "minimize" emissions and treat water resources "responsibly" [38] or to "maximize efficiency of water-use" [67] (p. 12). Beyond this, management systems and emergency response plans are required by the MSIs to prevent the often long-lasting damages of spillages, dam bursts and other contaminations. Such pollution may happen in an abrupt event, but it may as well occur unnoticed over a longer time period. The latter case is addressed by some MSIs that require the implementation of environmental monitoring systems to detect long-term degradations of wildlife or water quality [65] . More complex issues such as the management of impacts on biodiversity [38, 64, 67, 72] or the negative effect on the quality of life in neighboring communities [60, 62, 67] are addressed, but only at their surface with calls to minimize them during operations.
A substantial step forward in many cases might be the requirements regarding mine closure. This phase of a mine's life cycle is particularly prone to misconduct since the mine is not generating revenues any more but only costs. Thus it is a critical phase regarding the solution of societal challenges that determines to which degree the mine will continue to affect local ecosystems and agriculture and hence the viability of future development [62] . The related requirements thus range from the provision of rehabilitation plans before mine closure or even at start-up of the mine [62, 66, 72] and financing rehabilitation costs beyond mine closure [67, 72] .
In addition to practices and requirements directed at the mining itself, there are also approaches to material stewardship and life cycle analysis encompassed by three MSIs only [38, 64, 66] . ASI, for example, takes a very explicit material stewardship approach that incorporates the entire SC and the lifecycle of aluminium [38] . It is thus consistent that ASI is one of the standards that also incorporates recycling practices into its scope [1, 51] . However, this is one of the main avenues to reduce the need for virgin material that promises to drive a less polluting minerals sector.
Summing up the review of environmental practices, these are mostly at the surface of the issues only. As such they are limited in their power to complement environmental regulation. Nevertheless, the MSIs define what is possible and which issues need to be monitored. This can be the basis for the elevated industry practices as well as newly defined authority-based governance on these issues. Affected states or communities can draw on the requirements and their legitimacy to establish a basic regulation. A particularly interesting example are the water-quality monitoring requirements by IRMA [67] that outline different approaches to water quality management. These approaches encompass the ex-ante modeling of water impacts, define thresholds for quality reductions, and require relevant data to be published. However, it has to be noted that environmental practices are far less represented in the MSIs' standard documents than social or economic practices, which are outlined next.
The Change of Economic Practices through MSIs
The economic practices take a variety of foci that can best be structured against the scope of the MSI. For doing so, we classified the practices into two groups with a distinct scope that range from a business centered focus (single organization or SC) to an ecosystem focus (organization or SC and related stakeholders). This classification follows the development of business and sustainability research that constantly enlarges its focus to drive more comprehensive and systematic approaches that can address the full complexity of the challenges in focus.
The business-centered practices show a strong focus on the cooperation of companies in the SC of the individual minerals. The environmental and social practices prescribe measures to ensure sustainability and responsibility within the company, the economic practices elaborate on how this can be extended beyond the single company and how such an enhanced responsibility can be used in economic terms. This explicitly aims at "a reduction in the share reached by non-certified products, while the share of certified minerals with a transparent origin will rise" [59] (p. 14) and might be formulated as should requirements [51] up to the immediate suspension of engagement with suppliers that are non-compliant with the MSI's requirements [68, 71] . The list of reasons for the suspension of engagement links into the social and environmental practices, as it covers amongst others: sourcing from areas associated to torture, inhumane and degrading treatment as well as forced labor [68, 70] , sourcing from armed groups, no matter whether these are state or non-state groups [68] , money laundering, conflict and terror financing [70] , and the handling of cyanide on the environmental side [65] . However, besides the suspension of partners, there is also a focus on developing partners to reach a higher level of sustainability. This can be organized by the MSI itself [50, 62, 71] or by the companies buying from those in need of training [28, 72] . Such a flexible set-up of organizational cooperation to implement more responsible practices goes beyond the traditional authority-based governance and represents a social innovation that contributes to actively solving sustainability challenges instead of simply requesting their resolution.
Such an approach including the termination of supply contracts can well support the change in practice as certified organizations spread the change to their suppliers. The threat of economic losses for the supplier represents an incentive to adopt the MSIs' requirements. However, this is again dependent on the power of the companies that support this change and less on the MSI itself. Still, if a practice or requirement reaches a certain diffusion into the industry sector, it will become standard based on the earlier work of the MSI.
Beyond compliance and training, there is an offer of technological support by the MSIs. Three of them have explicitly set up databases and tracking systems that they prescribe to be used as technological systems to support the transparency and documentation efforts of their members [62, 68, 71] . The aim of all three systems is the establishment of a chain of custody, that they define as "a record of the sequence of entities which have custody of minerals as they move through a supply chain", but "custody of the [material] does not necessarily mean ownership and vice versa" [73] (pp. [12] [13] . Such systems represent one of the main advantages of an MSI as it is not bound to any kind of traditional boundaries and can thus provide overarching systems to support social innovation.
The ecosystem-centered practices transcend the boundaries of the classic business sphere and integrate the wider community and affected stakeholders into the management of the mine and its responsibility. These practices thus intersect largely with the social and environmental practices. Nevertheless, it is worthwhile taking an explicit economic lens for understanding them. The first practice revolves around the ideal of linkage creation, that is, inducing economic development based on the extraction of the minerals by the mine that should ultimately lead to a rise in living standards in resource-rich countries [61] . This creation can be understood in three sections [87, 88] , that are (a) fiscal linkages by paying taxes and royalties, (b) production linkages by sourcing supplies locally, and (c) consumption linkages by enabling a domestic demand through miners' income. The (a) fiscal linkages, that build the majority of requirements, have already been reviewed in the social practices and are thus omitted here. The (b) production linkages cover the inclusion of local businesses into the SC to enable the development of mining suppliers [71, 73] but also other services and material "of daily use" [59] (p. 17) that might offer diversification for the local industry. The latter is especially beneficial, as the current income from mining that is going to end with the depletion of the mine can spur other sources of income that can offer another line of economic development that might outlive the mine. The (c) consumption linkages are especially created by local employment and training of staff if required to avoid "importing" employees that might send parts of their income to their home countries, thus weakening domestic demand and development [52, 66] .
In effect, it becomes obvious that the ecosystem-centered practices take a particularly long-term focus that is oriented along the ideal of continuous and joint development. This contrasts today's domination, often, of short-term profit orientation. It is thus one way to counter the long-term societal challenges in mining regions. These might be amplified if mining regions cannot profit from mining revenues while enduring the environmental pollution and adverse working conditions associated to mining. However, this contrast to current business orientation is also a barrier to adoption, as managers will have to justify related investments and changes in practices against the short-term focus of their shareholders. This is again underlining the potential drawbacks of the voluntariness of the MSIs that might only be resolved if the MSIs' requirements are taken up by the traditional authorities. Solving this challenge is of course at the very core of social innovation from a practice perspective and underlines the value of the reviewed MSIs.
Stakeholder-Related Organizational Change through MSIs
Besides the aforementioned changes in practice of social innovation, mainly by organizations adhering to the standard requirements of an MSI, it is essential to further spread the social innovation to more companies in the sector as well as authorities and the wider public to eventually arrive at a state at which the sustainability issues on which the social innovation focuses will have been solved. External transformations are related to the concept of diffusion, i.e., "the process by which information, ideas, changes in behavior, etc. spread through a group" [42] and are captured in Sections 5.1-5.3. First, however, the focus is on the transformation of the MSI itself which can be further differentiated into MSI growth (Section 4.3.1), MSI maturing (Section 4.3.2) and possibly obsolescence and redefinition in case that the sustainability issues that the MSI wanted to solve do not longer exist (cf. Figure 1) . Due to the relatively young age structure of the MSIs for responsible mining, there is little evidence for obsolescence yet, which is thus not addressed further here.
Transformation of MSIs
Archetypes of MSI and how they transform over time (cf. also Table 3 showing the transformation paths adapted to the perspective of social innovation) have been analyzed in detail in [18] . Hiete et al. (2019) distinguish (i) best-in-class approach in which MSIs aim at offering the best practices for a concrete sustainability issue, for example, ensuring conflict freeness, (ii) integrating more problem fields meaning that MSIs aim at further developing their standard requirements towards the ideal of sustainability by integrating more sustainability issues, and (iii) enlarging the stakeholder base to increase acceptance of the MSI. These prior works have been adapted to our focus on MSIs as social innovations in Table 3 . The table presents the aforementioned archetypes of diffusion in conjunction with those characteristics of MSIs that have been found to be relevant to social innovation in Section 4.1, i.e., the stakeholders that come together in an MSI and the scope regarding industries in the middle column and societal challenges they address in the column to the right. Moving from top to bottom in the MSI transformation presents a rise in both membership and scope and presents brief advice. [18, 23] ).
Archetypes of Social Innovation Diffusion

Membership (Stakeholders and Companies)
Scope (Esp. Requirements, Practices)
(1) MSI growth Single MSIs assemble a rising number of stakeholders and companies from the sector that have not been part of the social innovation before
The scope of the MSIs is basically stable (2) MSI transformation 1
(2a) Best in class
Stakeholders and companies that are already actively pursuing the social innovation concerned with a particular issue (mineral, conflict, child labor, toxic materials, etc.) switch towards the MSI most suitable to drive the social innovation
The practices and requirements of MSIs concerned with a particular issue (mineral, conflict, child labor, toxic materials, etc.) converge towards detailed best practices in the course of a competition or harmonization among MSIs (2b) Integrating more problem fields
Due to a widened scope (see right-hand column) the MSI absorbs members concerned with the widened scope making its membership more heterogeneous but overall larger and the MSI thus becomes economically and politically more powerful MSIs extend their scope from one particular issue towards two or more related issues that can be certified against common requirements and addressed via common practices. → Scope drives membership (2c) Enlarging the stakeholder base
The MSI targets a wider set of members, especially influential stakeholders that can help to drive the social innovation
To enable the widening of the stakeholder base the MSI's scope may be evolved towards the requirements and practices that enjoy legitimacy from "old" and "new" members. → Membership drives scope
The presented archetypes of social innovation diffusion can be seen as general paths for a steady adaptation of MSIs to the ever-changing characteristics of the industries and societal challenges they focus on. Moreover, the three transformations present general trends that enable a wider adoption of the MSIs that may help to enhance the contribution of the MSIs as social innovation to solving societal issues.
MSI growth can be observed well, for example, in the ASI that recently reported having grown from 13 to 100 members in the past four years [82] . While ASI is constantly revising and evolving its standard, it is still focusing on a particular mineral and thus has a fixed mineral scope in the mining sector. Growth can happen also in other ways: not only is there an increasing number of members of certain MSIs, also the MSIs increase in number, some of them with an overlap, for example, MSIs for conflict minerals or Fairtrade and Fairmined (see below).
MSI maturing is difficult to distinguish from necessary steps still related to MSI formation as most MSIs are still young. The commonly seen extension of scope by integrating more problem fields, for example, might have been planned from the foundation of the MSI and might have been not realizable earlier due to resource restrictions. Maturing definitely accounts for necessary adjustments of an MSI to adapt to a changing environment, in particular if changes are due to the MSI's work. Bettercoal, for example, established a Multi-Stakeholder Technical and Advisory Committee (TAC) for review of a scheme [1] which enlarged the stakeholder base. The pressure from increasing competition, decreasing demand of dimension stone and increasing wages that the Fair Stone Standard experienced in 2015 [1] could be interpreted as a (at least temporary) limit to MSI growth resulting from a limited market for Fair Stone Standard products. Also, the termination of the cooperation between the Alliance for Responsible Mining (ARM) and the Fairtrade Labelling Organizations International e.V. (FLO) in 2013 after having crafted from 2006 onwards a joint standard [89] due to differing opinions on scheme management [1] could be cited here. The split has resulted in two rather similar MSIs (Fairmined Standard for Gold from Artisanal and Small-scale Mining, including Associated Precious Metals and Fairtrade Standard for Gold and Associated Precious Metals for Artisanal and Small-Scale Mining) but with differing geographical scope. This can be indicative of specialization and possibly establishment on the market as the split was only reasonable once a certain degree of maturity had been reached. Furthermore, Tröster and Hiete [27] found that younger MSIs achieve a better performance in relation to stakeholder demands highlighting that the concept of MSIs has changed over time.
Transformation Outside of MSI
The effects of MSIs on social innovation are not limited to the MSIs and adhering companies. For example, MSIs make the sustainability impacts noticeable and thus influence public opinion, even though only few have implemented product labels, such as Fairtrade and Fairmined for gold or Fairstone and Xertifix for dimension stone, as most minerals only make up a small proportion of the end-product and thus are hardly visible for the end-consumer. This aspect of MSIs to support the formation of public opinion should be interpreted as diffusion, too. Another dimension of diffusion has been described already in Section 4.1.2 highlighting that the standard requirements elaborated do not only often originate from legislation or requirements with similarly high legitimacy (e.g., the guidelines of the International Finance Corporation (IFC)) but also find their way into legislation as common ground (e.g., CTC in official state documents in Rwanda and Democratic Republic of Congo [1] ). Furthermore, one could argue that motivation and integration of other actors and stakeholder groups in an MSI represent also some form of diffusion. The transformation effects outside of the MSIs are further detailed in the following section that discusses how MSIs may complement the authority-based governance of mining. Furthermore, directions for future research and limitations are presented.
Discussion and Conclusions
This study set out to answer the question of how MSIs for responsible mining foster social innovations. It investigated MSIs as an empirical case for a social innovation and found a dual role covering a contribution of MSIs as a governance approach and a contribution of MSIs in changing practice for the benefit of the society, communities or individuals affected by mining and related activities. Taking the lens of social innovation opened a novel perspective that enabled us to evaluate their contribution to societal challenges and we could thus move beyond prior literature that analyzed the MSIs regarding one of the two roles we have found in this study. Therefore, we are confident that this contributes to the understanding of MSI transformation [18, 23] and the suggestions for MSI design [1, 20, 27 ] that focus on their role of stakeholder representation. Moreover, the dual role enabled us to take a wider look on MSIs as a governance approach that can be an intermediate approach between legislative and market solutions that obviously have not been sufficient to hinder or solve sustainability issues in global mining. However, we also have to contend that its position in the middle due to its voluntariness is also limiting its immediate effect. In line with earlier studies, we found that the MSIs are, rather, an incentive and offer support for becoming more responsible [1, 20] . Enforcing changes in practice to more responsibility is still the domain of the authority-based governance approach [18] or direct contracts between business partners [5, 78, 79] . Nevertheless, the MSIs have been found to be able to spark first steps towards a more responsible sector. They do so by providing information, requirements, and tools regarding the change of practice.
The analysis of MSIs for responsible mining as social innovation reaches wide into neighboring fields of research and practice such as the business domains of procurement and supply chain management [3, 5, 43, 79] but also political economy [4, 39, 40] or the field of environmental science and technology [8, 11] . This study takes the lens of social innovation to unearth the real-world application of responsible mining practices that can help to alleviate the welfare of the population and societies in mining areas [33] . However, the analysis reveals that this can hardly be achieved without the interaction of the different fields that contribute to our understanding of legitimacy in the contexts affected by mining and related SCs. These fields are also represented in the single parts of the framework that draws on governance and transformation issues for the political field in conjunction Sustainability 2020, 12, 236 24 of 30 with concrete practices for the management of the TBL dimensions. The latter is more inclined with the business and science domains that build the basis for the analysis of the sustainability impact of particular management and operations practices. The framework is thus a step forward towards a more integrated design of MSIs as recently called for by van den Brink et al. [3] and Hiete et al. [18] .
Contributions to the Debate on Social Innovation
The analysis of the intersection of the MSIs with the other forms of governance presented in Section 4 underlines their value as "transnational private regulation" [17] (p. 302). As such, the MSIs can support local communities but also the wider public in effectively addressing the sustainability challenges of mining. This can be a driver or barrier for their welfare, as requested in the OECD definition of social innovation [33] . Moreover, the MSIs can transcend the limits of national regulation and establish a wider-reaching institution to outline a common path to responsible mining and eventually a more sustainable economy that is as well based on more sustainable practices as presented below.
Above and beyond the practices in the TBL dimensions, the MSIs audit the compliance to the outlined practices and offer and require corrective actions in case of non-compliance to guide the mining companies towards more responsibility. This is highly relevant for the MSI as a social innovation from a change of practice and sustainable development perspective, as it facilitates the sustainability improvements that help to alleviate the societal welfare. From a governance perspective this is interesting as well, as the MSIs aim of course for compliance of as many companies as possible but have no means of sanctioning due to their voluntary nature. This is in stark contrast to state governance that may well pressure companies for compliance but is limited in its potential for delivering support for compliance due to budgetary constraints and the requirement to treat all companies equally. The MSIs thus positioned themselves as an intermediary between authority-based governance and business practice, as an MSI defines concrete and actionable sustainability requirements along with potential paths towards compliance. These paths are, for example, supported by capacity building measures by the MSIs.
Consequently, when referring to such regulatory guidelines and detailing it, MSIs address the different levels of legislation that range from laws at the highest level, subordinate legislation like ordinances concretizing the law, down to instructions for the executive authority on how to interpret the law, and in addition provide guidance how to implement and meet the requirements. This is possible because MSIs can react faster and more flexibly than governmental actors.
Thus, the analysis revealed how MSIs can complement authority-based governance in many aspects. A particularly relevant finding is that the MSIs can move beyond the limits of the authority-based approach. This offers a valuable path towards the alleviation of social challenges related to the informality of workers that cannot afford to legally register or are denied registration and thus forced into informality [76, 86] . These actors find a voice in MSIs that can, moreover, offer market access beyond middlemen that have been found to be among the main exploiters of informal and small-scale miners [86] . Moreover, the MSIs with a balanced ownership (see Table 2 ) are more likely to be neutral to national interests such as protectionism of national mining or manufacturing industries and can thus be better equipped to address the sustainability challenges of responsible mining. However, the voluntary nature of the MSIs limits their complementary role to the provision of a first step towards a change of practice. Substantial changes still have to rely on the authority-based approach as well as business interactions to arrive at an industry-wide adoption of responsible mining. This study also contributed to the discourse on this topic, as discussed below.
Contributions to the Debate on Responsible Mining
Our results showed that the reviewed MSIs define and help to implement a variety of practical solutions to individual and societal problems in all dimension of the TBL. These solutions are often more detailed and applicable to a wider region than related legislation or other authority-based governance tools. The findings further underlined that the MSIs deliver this service especially where state governance is weak or absent and can, thus, be seen as a valuable governance approach for social innovations. This is in line with existing literature on responsible mining that often focuses on failed states and missing governance [4, 5, 79] .
Moreover, the finding of an under-representation of environmental practices in the standard documents of the MSIs is in line with the literature on responsible mining [3, 43] and existing reviews of MSI standard documents for responsible mining [1, 24] . However, this is in stark contrast to the enormous risks that mining represents for the environment and calls for a better integration of environmental concerns, as previously suggested [43] . This relevance is also fueled by the rebound effects of environmental pollution on health or food security due to harmful agricultural operations and other vital operations and services in mining affected regions [86] . Nevertheless, it needs to be acknowledged that environmental protection is often much more capital-and knowledge-intensive compared to enhanced working conditions. Moreover, detrimental environmental practices often leave a detectable trace, while working conditions can hardly be determined ex post [79] . These challenges in addressing the environmental dimension are, moreover, mirrored in the rather shallow formulation of the requirements in the MSIs. This contrasts with the comparatively concrete social requirements, a criticism in line with prior studies [1] . In effect, the MSIs might bring environmental issues into the public debate but are likely not powerful enough to bring about substantial change in the environmental dimension. Such costly and unpopular measures thus need to be implemented via the authority-based approach. However, this can be driven by MSIs that fuel the debate in the wider public to which authorities eventually react. Again, we see that the MSIs can complement the authority-based governance but are limited in their power.
Furthermore, MSIs may offer capacity-building measures and other measures helpful for improving the mining companies' performance-also on payment if necessary. Requirements that a mining company has to fulfill may be designed as stepwise increasing. Such progressive sustainability requirements incite mining companies to join the MSI even if they do not perform as well as necessary yet, but motivate them to rapidly improve their sustainability performance [24] . Finally, the MSIs create visibility of sustainability issues that may be beyond the original knowledge of business actors in the SC [5, 78, 79] which can again help to inform and complement other forms of governance.
Limitations and Research Directions
The study at hand is of course not free of limitations. First, the framework is based on a conceptual development that could only be complemented by an empirical analysis for the change of practice which limits its validity. However, the remaining parts of the framework have carefully been drafted including the incorporation of a rich set of literature that reviewed these issues in recent years. Second, the change in practice section is based on a review of the MSIs' standard documents. This is oriented along the categories defined in Section 3.3, which leads to a bias towards finding only contents that fit the categories and that are mentioned in the texts analyzed, while other issues go unnoticed. Another categorization could, thus, lead to other findings [47] . Third, the sector of MSIs is highly volatile and diverse: new MSIs are established in mining and other sectors. This study is thus representing a particular point in time and can only cover the conception of responsibility embodied in the MSIs standards documents. This will likely evolve in recent years and more MSIs will be formed outside of Europe. Our results are, therefore, biased towards a Western idea of sustainability and are highly time dependent. Finally, content analysis is bound to the documents analyzed. These are in the case of this study provided by the MSIs and the analysis is thus limited to the issues mentioned by the MSIs. Still, we tried to reflect on omitted issues and the blind spots of the documents.
Based on the limitations and results of the study, six research directions can be developed: First, this paper provided a first distinction of MSI-based and authority-based governance without elaborating their limits holistically. Moreover, it would be relevant to investigate if there are issues that can only be governed with one approach. This could, for example, answer the question of which aspects of a social innovation or societal challenge cannot be governed by the traditional authorities but by a legitimate and maybe multi-national set of multiple stakeholders.
Second, a related question would be the evaluation of functions that both approaches can fulfil. In such cases, it would be valuable to understand which approach is more effective and upon which factors the effectiveness is contingent.
Third, this study added to the transformation paths of MSIs [18, 23] by taking a social innovation lens and adding the aspect of MSI growth. A relevant extension of this would be a longitudinal investigation of the development of social innovations and how they can address societal challenges over time until they are eventually resolved or under control.
Fourth, having the intersection of MSI-based and authority-based governance in mind, it would also be interesting to understand how both approaches fuel each other. We found first evidence that MSIs take-up legislation and are taken-up by legislation. The identification of contingency factors would again be a valuable approach.
Fifth, and based on the previous question, we raised the issue of MSI obsolescence once the aim is fulfilled. While this seems logical from a technical perspective, we still doubt that an MSI will simply resign. Therefore, it is interesting to investigate the evolution of MSIs and how they develop their scope and aims further in light of advancements in the sector they focus upon.
Sixth and finally, we found only a shallow adoption of digital solutions in the MSIs' standard documents. Nevertheless, the MSIs' objective of implementing enhanced transparency is a good fit to digital solutions such as the blockchain technology that is seen as an ideal solution to establish a neutral, immutable, and trusted digital representation of the SC and related material flows [90] . Blockchains can, thus, be a valuable addition to the reviewed MSIs and future research could review and support their implementation in this and other forms of governance.
